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Abstract 



A ceramic secure obtained ^Pining = £^"K£SK£ 
haying a the-rna! expan*orr coefficient of 3^0x10 <| relea f he , herma| impact 

capable of coping with various applications and various materials. J_.. 
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I (54) Title: CERAMIC STRUCTURE 




«71 Abstract: A ceramic structure formed by combining and integrating a plurality of 
IbS ^ents (3a, 3b) whose coefficients of thermal cxpattston^ 
r^ O^/C-or above Thermal shock relief rones (5a, 5b) capable of releasing ; thermal 
shock « provided between the segments (3a, 3b), and flexibUhy is gwenU, toe wtdtb 
7fZ tbennal shock relief zones (5a, 5b) in the direction of me cross s«hon ofte 
cir^ic structure. This ceramic structure is capable of fully releasing *^^ock 
™7~. -onsiderably decreasing the effective cross sectional area of the structure or the 
^ of"c ^rfo?e so^rLd has a high degree of versatility applicable to various 
uses and materials. . . 
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(54) CERAMIC STRUCTURE 

(57) A ceramic structure obtained by combining a 
plurality of sintered ceramic material segments (3a, 3b) 
having a thermal expansion coefficient of 3.0x1 rr 6 /°C or 
more and integrating them, in which ceramic structure 
thermal impact-relieving zones (5a, 5b) capable of re- 
leasing the thermal impact applied are provided be- 
tween the segments (3a, 3b) and the widths of the ther- 



mal impact-relieving zones (5a, 5b) in the sectional di- 
rection of the ceramic structure are various. This ceram- 
ic structure is capable of sufficiently release the thermal 
impact applied, without significantly reducing the effec- 
tive sectional area of the structure or the overall strength 
of the structure, and can have the universality capable 
of coping with various applications and various materi- 
als. 
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Technical Field 

IO ooi, Th. P ^^"^«»*^^^^^^ te, ^' pW-- ^ 

ceramic materia! segments. 
Background Art 

3 are preferred to be as wide as possible In « llev|na zones te larger, the effective sectional 

therma', ^pact relief. However, a. ^^J^* S£ £££££ -utting^n reductions. n the overall 
area of the ceramic stmctureusedforimend^ 

properties and efficiency of the structure and I furth er ^era . stre » dlfflcultto release 

W of the thermal Impact-reHevlng zones 5 Is ^^""^lETSE^ 3 are impaired, 
sufficients and the therrnai impact-reiievng ^^^^^SS^l, appropriate level so as to balance 
[00 041 The width W of the thermal '^^"^j » parameters actua.ly. however, is dlt- 

has been optimized, its practical VJY J* above -mentioned situation, and aims at providing 

[0005] The present invent.on has b * e " 

in materials and applications as a ceramic structure. 
Disclosure of the Invention 

[0 006, According to the present invention, there - 

sintered ceramic materia, segments having of releasing the therma. impact 

the ceramic structure have the diversity in the width. 
Brief Description of the Drawings 
[0007] 

Figs. 5(a! to 5(d) are sectional views showing the ceramic structures used ,n Example 2. 
Best Mode for Carrying Out tne Invention 
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small sectional dimension ere arranged at random and integrated. Owing to such constitution, thermal impact-relieving 
zones 5a ot small width are formed between sintered ceramic materia] segments 3a and thermal impact-relieving zones 
5b of large width are formed between sintered ceramic material segments 3a and 3b. 

[0010] Fig 2 is a sectional view showing other embodiment of the ceramic structure of the present invention, wherein 
5 sintered ceramic material segments 3b of small sectional dimension are converged at the sectional center of the ceramic 
structure and sintered ceramic material segments 3a of large sectional dimension are arranged so as to surround the 
segments 3b As a result, between the sintered ceramic material segments 3a at the outermost part of the section are 
formed thermal impact-relieving zones 5a of smallest width; between the sintered ceramic material segments 3a anc 
3b present inside the above outermost segments 3a are formed thermal Impact-relieving zones 5b of larger width; and 
10 between the sintered ceramic material segments 3b at the center of the section are formed thermal impact- relieving 
zones 5c of largest width. 

[0011] When in one section of a ceramic structure, there are located in the localized state thermal impact- relieving 
zones of large width and thermal impact-relieving zones of small width, the properties (e.g. strength) of the ceramic 
structure are non-uniform correspondingly; therefore, it is preferred that the zones of large width and the zones of small 

is width are present in a somewhat mixed state, as shown in Fig. 1 . Depending upon the application of the ceramic 
structure one may adopt such a technique that the width of thermal impact-relieving zones be larger at a very site 
where thermal impact converges. For example, when a ceramic structure is laid out in the middle of a pipe and thermal 
Impact converges at the center of the section of the structure, it is also preferred to form many thermal impactrelieving 
zones of large width at the sectional center and many thermal impact- relieving zones of small width at the outer part 

20 of the section, as shown in Fig. 2. 

[0012] Such a ceramic structure ot the present invention contains thermal impact-relieving zones having a plurality 
of widths and, therefore, has a high universality in the applicability and can appropriately deal with the distribution of 
thermal impact in the sectional direction, as compared with conventional ceramic structures wherein an optimum width 
of thermal impact-relieving zones is determined for the material used tor sintered ceramic material segments, the 

25 material used for sealing agent or the like, interposed between thermal impact-relieving zones and the intended appli- 
cation of ceramic structure and wherein the thermal impact-relieving zones are uniformly combined (integrated) at that 
determined width. In the present ceramic structure, the diversity in the widths of thermal impact-relieving zones is 
specified in the sectional direction. When the present ceramic structure is used in an exhaust gas passage as, for 
example a part for exhaust gas purification, as mentioned later, the distribution of thermal impact exists in the direction 

30 of gas flow as well; therefore, one may employ as a feature the diversity in the widths of thermal impact-relieving zones 
in the direction of gas flow, fundamentally based on the same reason for the case of the sectional direction. 
[0013] The sintered ceramic material segments constituting the ceramic structure of the present invention has a 
thermal expansion coefficient of 3.0x1 O^C or more. The reason therefor is that large thermal impact such as to cause 
a damage (e g cracks) occurs hardly In a ceramic structure constituted by sintered ceramic material segments having 

35 a relatively small thermal expansion coefficient of less than 3.0x1 0-«/°C. The present ceramic structure is more effective 
when It is constituted by sintered ceramic materials segments having a thermal expansion coefficient of 4.0x1 <WC 



or more. , ; _ # . 

[0014] The sintered ceramic material segments preferably contain, as the main crystalline phase, one kind selected 
from the group consisting of mullite, alumina, silicon nitride and silicon carbide. Silicon carbide of high thermal con- 
40 ductMty is particularly preferred because it releases the received heat easily. 

[0015] The thermal impact-relieving zones can be formed by filling the gaps between the segments with a sealing 
agent a mat or the like, or by leaving the gaps as unfilled spaces. However, when the present ceramic structure is 
used as a part for exhaust gas.purification (e.g. a carrier forcatalyst) as mentioned later, the gaps between the segments 
are preferably filled with a sealing agent, a mat or the like for prevention of blow-through ot exhaust gas and more 
45 preferably with a sealing agent capable of bonding the sintered ceramic material segments with each other because 
the resulting ceramic structure can further have a higher strength. 

[001 6] As the sealing agent, there are specifically preferred a ceramic fiber having heat resistance, a ceramic powder, 
a cement etc. They can be used singly or In admixture of two or more kinds. As necessary, an organic olnder, an 
inorganic binder or the like may also be used preferably because they can express the boding action to improve bonding 
so further. 

[0017] In the present ceramic structure, in a certain section, the maximum width of thermal impact-relieving zones 
is preferably 2 times or more the minimum width of thermal impact-relieving zones. When the maximum width is less 
than 2 times the minimum width, it is impossible to obtain a sufficient effect, that is, release the received thermal impact 
sufficiently without significantly impairing the effective sectional area of ceramic structure or the overall strength of the 
55 structure. A maximum width of 3 times or more gives a higher effect and is more preferable. 

[00181 The minimum width of thermal impact-relieving zones is preferably 0.1 mm or more, or 0.5% or more of the 
length of the longest side of segment section (the longer side when the segment section is rectangular). When the 
minimum width is smaller than that, the ceramic structure has a portlon(s) too weak to the received Impact [even when 
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10 



15 



the 0 structure is signlllcantly decreesed. structU re of the present invention, there are mentioned parts 

[0020] As representative applications of the ceramic ^^^^ flMr for capturing the particulates 

Khaust gas purification such as ^J^^Se referred to as DPF), and me like. In 
contained in diesel engine exhaust gas. I.e. J'**£™£JE ^ applications, there is used, as the slntereo 
producing a ceramic structure of the present '"^on to r use £W ^ structure ana a pluraltty of SU ch 

' S materia, segmo^ ^^^^^^^ structure. Here, "honeycomb structure- 



are mentioned 
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55 



menuoneu. 

PM>«HW «. •» ^ nM , d 'S" pun Oopoorloo or, M po««oo » 

(3) wh.r, nt hoooycomb tnaur. Is _u"< !«• „ „, DPF . , n . amount 010,0 parflouiaos «0» 

on the porous sintered ceramic material segments), or i s P com blned segments (In this case, the catalyst 

KJ=ra»^^ - - - - - - 

surfaces of each segment show a checkered pattern. ^ ^ result or tn ^ segments from te one 

100241 When a diesel of the end, passes through the porous 

end the exhaust gas enters the structure from the unblocKW mrog unblocked at other end. At the 

Tartrt on wa.is of each segment, and enters ^^Sl^^^ are ««« u " d by 
Sme of this passing through the partition ^^^JJJ^V. , r0 m The other end of the ceramic structure^ 
and the particulates-removed exhaust gas after Potion is d, achate ^ ^ pjugging an£j 

10025, As the deposition of particulates ^"^S structure periodically by means.of heater 
'reduce malfunction as a fHter. Thereto^ 

°o r r r =r^ 

6 to 1 500 MM).' (0-9 to 233 cells/cn*), more Preferably 60 to 400 , n strength and effective GSA 

5£J£?. ess than 6 ce,.s,n.a ^-^^^^ 

(geometriealsurtacearea);wnenmecellc^ smjcture 

comes to have show an increased pressure loss when a J^JJ^J, stPJCture , the thickness of the parti .on 
pressure. oss when a gas passes through the structure. 
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[0028, Thepresentinv^^ 

is in no way restricted to these Examples. 

(Example 1) 

zone formed between »™^**°™2?™a ^neyc^o segment of U B was 1.2 mm; and the width 
zone formed between honeycomb segme ^J^^SSwmb segments of type B was 22 mm. The bonding 

which was 8.0x1 a 6 /°C. ra * K . anca test The test was conducted as follows. 

10031] The structures a to c were subjected to a them* SSS^tSSSIlS 30 minutes, then cooled 
kachstructure was insenedlnto an olectxlc uma^ 

:nr;r e Td^ 

honeycomb portion of structure. 

Table 1 . 



Structure 



Total effective sectional area of honeycomb portion 
(cm 2 ) 



Room temp. < 
700°C 



Room temp. <=> 
700° C 
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225 



219 



207 



Cracks appeared In the honeycomb and the bonding agent. 

T0032, As shown in Table 1 . the structure b according to an embodiment of the present invention was low in loss of 
Eve iSSSm of honeycomb portion and showed good thermal Impact res.stance. 

(Example 2) 

,0033, * Two *nds of silicon carbide^ 

mm L;typeB : 26mm D x200mm>-; In. 'a^ 006 ^^ carbide powder. In such a 

at one end oppose to each othe r by us.* 9 J. ^S^SSSt^^ «> mbi ™ d b * 5x5 = 25 segmen,S 

e was constituted by randomly arrang.ng 20 = n ° ne y com ^^ * B centrally and arranging 20 honeycomb 
the structure f was constituted by arranging 5 ^ t ^"^f*£?. ~ Wsfructure gU constituted by 
segments of type * so as to , sumound me J^^Ti* W^S each^rma, impaC-relleVng zone formed 
honeycomb segments of type B alone, in eacn «™ciur*. * thermal impa ct-relieving zone formed 

between honeycomb segments of type A" was 0.3 mm. ^^J^TJn2 3 mm; and the width W 6 of each 
between honeycomb segment of type A' and honeycomb segment of type BwU^ • ^ 
thermal impact-reiieving zone formed ^tween segment of type B whe ? et J each structure was 

on the sides of eacn structure in a threes of 0 ™ ^^fm^metvpeA-andtypeB'honevcon* 



5 



EP 1 174 399 A1 



10 



15 



20 



25 



[0035] Each of the above structures was encased into a can. The can covered the sides ot each structure; its sectiona; 
shape was such that the portion covering the structure was square and the two ends were tuDukar (60 mm in diameter), 
that is, the square portion in the middle changed continuously to tuoular front and back ends, whereby the can was 
finable to a soot generator used in a thermal impact resistance test described later. Incidentally, the structure g was 
not subjected to the thermal impact resistance test because it fractured from the bonded portion at the time of accom- 
modation In can. 

[0036] Each of the structures d to f was subjected to a thermal impact resistance test, in the test, first, each of the 
structures d to f was fitted to a soot generator and soot (particulates) was deposited by 35 g inside the structure. Then, 
air pre heated to 600°C was introduced to fire the deposited soot. At this time, a tnermocoupie was fitted, for temperature 
measurement, to the cells (soot-deposited cells) which were in the center or its vicinity of each honeycomb segment 
and blocked at the back ends, at the cell position of 1 70 mm from the front end of structure (30 mm from the back enc 
of structure); as a result, in any of the structures d to f , the central honeycomb segment showed the highest temperature 
increase and reached 1 ,400°C. After the test, the appearances of the structures d to f were observed; as a result, the 
structure d showed cracks in its bonded portion and honeycomb segment. The results are shown In Table 2. 

Table 2 



Structure 


Total effective sectional area of honeycomb portion (cm 2 ) 


Thermal impact resistance 


Strength 


d 


225 




O 


e 


. 214 


o 


O 


f 


214 


o 


O 


g 


169 




X* 2 



"1 : Cracks appeared tn the 
"2: Fractured at the time of 



and the bonding agent, 
into can. 
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[0037] As shown in Table 2, the structures e and f (which were embodiments of the present invention) were low in 
loss of effective sectional area of honeycomb portion, maintained a strength resistant to encasing in the can, and 
showed good thermal impact resistance. 

Industrial Applicability 



35 



[0038] As stated above, the ceramic structure of the present Invention can release the received thermal Impact 
sufficiently without significantly reducing the effective sectional area of structure or the overall structure of structure, 
and can have the universality capable of coping with various applications and various materials. 



Claims 
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1. A ceramic structure obtained by combining a plurality of sintered ceramic material segments having a thermal 
expansion coefficient of 3.0x1 0* e /°C or more and integrating them, in which ceramic structure thermal impact- 
relieving zones capable of releasing the thermal impact applied are provided between the segments and the widths 
of the thermal impact-relieving zones in the sectional direction of the ceramic structure are various. 

2. A ceramic structure according to Claim 1 , wherein the thermal expansion coefficient of the sintered ceramic material 
segments Is 4.0x1 0*/°C or more. 



50 



55 



3. A ceramic structure according to Claim 1 , wherein the sintered ceramic material segments contain, as the main 
crystalline phase, one kind selected from the group consisting of mullite, alumina, silicon nitride and silicon carbide. 

4. A ceramic structure according to Claim 1 , wherein the thermal impact-relieving zones are formed by filling a sealing 
agent capable of bonding the sintered ceramic material segments with each other, between the sintered ceramic 
material segments. 

5. A ceramic structure according to Claim 1 , wherein in a certain section of the ceramic structure, the maximum width 
of the thermal impact-relieving zones is at least two times the minimum width of the thermal impact-relieving zones. 
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6. A ceramic structure according to Claim 1 , wherein the widths of the thermal impact relievlng-zones are in a range 
of 0.1 to 15.0 mm. 

7. A ceramic structure according to Claim 1 , wherein the sintered ceramic material segments are made of a porous 
sintered ceramic materia) having a honeycomb structure. 

B. A ceramic structure according to Claim 7. which is used as a part for exhaust gas purification. 

9. A ceramic structure according to Claim 7, which is used as a carrier for catalyst for exhaust gas purification. 

10. A ceramic structure according to Claim 7, which is used as a filter for capturing the particulates contained in an 
exhaust gas of diesel engine. 

11 . A ceramic structure according to Claim 10, which has a catalyst component loaded thereon. 
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FIG. 4(a) 



FIG. 4(b) 
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FIG. 5(a) 



W4 



A' 


A' 


A' 




A' 




A' 


A' 


A'l 


A' 


A' 


A' 


A' 


A' | 


A' 


A' 


A' 


A' 




A' 




PI 





STRUCTURE d 
FIG. 5(c) 







«W5 






r* T 


A' 




|B' 


A' 


~A' 


EE 


■IF] 03 


~aJ 


^ I A' 


HI A ' 


A' 




1 A ' 


|a" 


A 







STRUCTURE f 



FIG. 5(b) 





t W5 


hi 


A' 


i A' 


SD 


A' 




A' 


1 A' 


A' 


A' 


A' 


A' 


ED 


A' 


A' 


A' 


A' 


A'| 


A' 


IE 


r*' 


E 


A'! 


A' 


|A 







STRUCTURE e 
FIG. 5(d) 



§1 

E 

F 
F 



B' B' B' 



B' 



B' 



B' 



B' 



B' 



B' 



B' 



B' 



B' 



B' B' B' 



B' 



B' B' B' B' B' 



STRUCTURE g 



10 



EP 1 174 399 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/00277 



T C^STOTIWOTSU™^!^^ 3Q1> B01D53/94 , B01J3S/04, 301, B01D46/00, 302. 
1 B01D39/20, B01D53/86 

according to intension .. Patent Classification (IPO or to both national cUttSifi canon and IPC 
B . FIELDS SEARCHED 



30X. B0XOW00. 30 2 . 

Int ' B01D39/20. B01D53/86 



— - Ift the extent ihat such documents arc included in the fields searched 

Documentation searched other than mmtmum »** jSJo Shinan Koho 1994-2001 

Si:^ Kono ffn ^icsuyo Shinan Ittxofcu Koho 1996^ 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



PA 



Citation or document, with mdication. where appropriate, of the relevant passages _ 

BP 1060784, Al (Sumitomo Electric industries, Ud.). 
2o'December, 2000 (20.12.00), 
Full text; drawings 
& Jp, 2000-354746, A 
Full text; drawings 

E p 361883, Bl (NGK INSULATIONS , Ltd.), 

03 r February, 1993 (03.02.93), 
Full text; drawings ' „,-» a -, * 

I US, 4953627. A & JP, 2-093297, A 
Full text; drawings 

EP 816065. Al (IBIDKK CO, LTD-), 
07' January, 1998 (07.oi.9B), 

TwO, C l7/25203, Al * US , 5914187. A 
& JP. 3-121497, A 
Full text; drawings 



Relevant to claim No. 



JP 62-094307, A (Babcock-Hitachi 
30'Aprii, 1987 (30.04.87) 
Full text; drawings (Family: none) 



K.K.i , 



- M e^Lo^* are listed in the conhnuaiion o f Box C. . U See patent family annex 

. r * ' i i 1 lii) r rl nf 



1-11 



1-11 



1-11 



1-11 



-L- ooclment wbieh may throw dc^bta on priority ^M^orwhich .. 
ciS^o«ttblish the publication date of another citation or other 

-CT d^ct^Jrio^norll d acK»urc. ■*.. exhibition or oiher 



^cnt published prior » me mteroationel film* date but later 
than the priority date claimed - 



•X* 

■v 

•AT 



Uicr document published after the international 
priority date and not m conflict wiih the application but cited to 
undtrsund the principle or theory underlying the rn^m.otv 
document of particular relevance; the^imcd .^e«^ cen^ be 
considered navel or cannot be considered to involve an inventive 
rtep when the document u taken alone . 
document of panicutar relevance; the claimed invention cannot be 
considered to involve an inventive «ep when the document is 
combined with one or more other such documents, such 
combination being obvious to a peraon filled m the art 
document member of the earne patent family 



Date of the actual completion of the international search 
•04 April, 2001 (04.04.01) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 
Form PCT/1SA/210 (second sheet) (July 1992) 



Date of mailing of the international search report 
17 April, 2001 (17.04.01) 



Authorized officer 
Telephone No. 



11 



EP1 174 399 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/00277 



CCConttmuiion). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, whart appiopriatc, of the relevant passages 



Relevant to claim No. 



JP, 4-130069, A (Matsushita Electric Ind. 
Ol'May, 1992 (01.05.92) . 
Pull text; drawings (Family: none) 

JP 11-114338, A {NGK INSULATORS. LTD.), 
27' April. 1999 (27.04.99), 
Full text; drawings (Family: none) 



Co., Ltd.) , 



1-11 



1-11 



Form PCT/1SA/210 (continuation of second sheet) (July 1992) 



12 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




FADED TEXT OR DRAWING 



